Lactation is a physiologically demanding period in mink production, during which kit and dam losses may occur. Ambient temperature and quantitative water supply are thought to affect animal performance and well-being, but conclusive data in the literature are sparse. Therefore, effects of ambient temperature (T a ; low, about 5Њ; medium, about 15Њ; high, average 20-25Њ) and water supply (ad libitum (N), or 10 % extra supplementation in the food (E)) were investigated regarding effects on quantitative water intake and excretion, urine osmolality and solute excretion, and urinary cortisol and catecholamines as stress indicators in an experiment with twelve lactating mink with litters of three to seven kits in three consecutive periods, lasting 3, 3 and 2 d respectively. Kit ages ranged from 15 to 20 d at the end of the experiment. Water requirement for milk production (factorial calculations) and water available for evaporation (balance component) were estimated. Period, and hence mainly T a , had a significant influence on intake of metabolizable energy, quantitative water intake and excretion, but there was less effect of water supply. The total water intake and excretion were very high in relation to the weight of the animals as an effect of lactation. Water intake and excretion, and urinary Na excretion, seemed to be less accurately regulated compared with corresponding functions in non-lactating animals. Rectal temperature increased with increasing T a , possibly as a means of decreasing evaporative water loss. Water output in milk was estimated to increase from 118 g/d at low T a to 134 g/d at high T a . The amounts of water available for evaporation were estimated to be 42, 58 and 69 g/kg 0⋅75 at low, medium and high T a . Cortisol data did not indicate that the animals experienced negative stress. It was concluded that prolonged periods of high T a may be hazardous for lactating mink because of decreased intake of metabolizable energy resulting in energy deficit and excessive mobilization of body reserves simultaneously as the requirement for intake of water increases considerably.
Lactation puts heavy demands on the mechanisms regulating water balance, and water turnover is usually increased to a considerable extent. Furthermore, lactating animals have a restricted ability to regulate fluid losses via milk. The strain of the lactation period is certainly evident for the female mink. Average litter sizes have increased profoundly in the Scandinavian countries during the last two decades, and amount currently to about six kits. The kits are totally dependent on the energy and nutrients provided by their mother's milk until the age of almost 4 weeks, when they start to take some solid food in addition to sucking. Therefore, a sufficient supply of energy, nutrients and water to the lactating dam is necessary to support performance, health and survival of dam and offspring, but even in a situation of adequate nutrition, survival and health may be endangered by internal and external factors.
The kits are born in a very vulnerable state, with a fat content of slightly about 10 g/kg in the body (Tauson, 1994a) and since they are blind, nearly hairless, with limited locomotor ability, as well as being devoid of an efficient thermoregulatory capacity, lactation has to be established soon after parturition. Thus, an ample milk supply is essential for good survival rate and optimal growth performance during the suckling period. However, the kits have the capacity for rapid growth, with a maximum relative growth rate of 23 % in 24 h between days 1 and 2, and an average of 9 % in 24 h over the total 42 d lactation period. Hence, body weight is increased from about 10 g at birth to 300-350 g at weaning (Tauson, 1994a) .
Quantitative determination of the milk production in mink is, as in most other polytocous animals, difficult to conduct, and therefore reliable information is scarce. A single study with direct measurements made by an isotope dilution technique (Wamberg & Tauson, 1998) and estimates by factorial calculations (Hansen, 1997; Tauson et al. 1998) indicate that milk production can be considered high for a small-sized animal, females with a live weight of about 1000 g and with litters of six or seven kits producing about 4000 g milk during the first 4 weeks of lactation. The energy requirement of the lactating dam, therefore, increases steeply as lactation progresses, and after the third week of lactation females with large litters usually are unable to increase their food intake sufficiently to sustain their metabolizable energy (ME) requirement, and consequently have to mobilize fat reserves from the body (Tauson, 1997; Tauson et al. 1998) . Even in healthy females a weight loss in the order of 15-25 % can occur during the lactation period, most of it taking place after the third week of lactation (Tauson, 1988 (Tauson, , 1994b Hansen & Berg, 1998) .
During the late part of lactation, female mink may be affected by nursing sickness, the aetiology of which is still somewhat obscure, but involves energy and water deficit. The prevalence varies, but Clausen et al. (1992) reported a morbidity of 14 % and a mortality of 7 %. Affected females are usually emaciated and dehydrated, and during the late stage of illness the animals refuse both food and drinking water. Pathophysiological findings include changes showing a decrease in extracellular fluid volume, electrolyte deprivation and a disturbed acid-base balance ).
The apparently simple task of supplying sufficient amounts of energy and water may, however, have considerable limitations. During the lactation period ambient temperature (T a ) may vary to a great extent; many locations where mink farming occurs are likely to experience periods of high T a , and practical experience has shown that the risk for kit and female mortality increases at high T a . Evaporative water loss from the body of small kits may cause dehydration (Wustenberg & Wustenberg, 1988) , and females with high obligatory water loss are also at risk. T a has been demonstrated to have a great influence on ME intake and water intake and excretion traits of male mink under laboratory conditions. When T a was high, ME intake was low, resulting in a decreased dietary water intake, whereas the requirement of drinking water increased as well as evaporative water loss (A-H Tauson, unpublished results; Wamberg, 1994) . The quantitative water supply also had some influence on water intake and excretion traits. Generally, even a limited restriction in the access to drinking water resulted in a decreased water intake, water excretion in urine was decreased concomitantly and, consequently, urinary osmolality increased, but if extra water was added to the food the opposite occurred (A-H Tauson, unpublished results ; Neil, 1988) . In addition, mink diets are high in protein, and water will be required for excretion of excess N. Therefore, several factors will make the female mink vulnerable to shortage of water or an augmentation of the demands, for instance induced by high T a .
The supply of drinking water to lactating mink may, therefore, be crucial for both performance and animal welfare reasons. Both T a and quantitative water supply may be considered as very important factors for the water intake and excretion and total water balance, and in lactating females their influence may be expected to be strongly determining for animal performance and health.
The objectives of the present study were first, to study how T a influenced water intake and excretion traits, including urinary osmolality and solute excretion, in lactating dams, and how animal performance was affected by changes in T a . Second, it was the intention to estimate if facilitation of water intake by addition of extra water in the food influenced water intake and excretion traits and animal performance to any extent. Third, it was the aim to assess if variation in T a and quantitative water supply imposed stress in the animals as measured by 24 h urinary excretion rates of cortisol and catecholamines.
Materials and methods

Animals and general design of the experiment
The experiment was carried out at Funbo Lövsta Research Station with ten yearling and two 3-year-old female mink of the standard black genotype (Nes et al. 1987) originating from the breeding herd of our experimental farm and kept under conventional housing conditions, i.e. exposed to prevailing fluctuations in outdoor temperature. The females had given birth during the period 3-8 May, and the experimental animals were chosen among females with litter sizes of three to seven kits. The animals were free from plasmacytosis according to a counter immunoelectrophoresis test (Hansen, 1974) . They were housed in one end of a two-row closed, but non-insulated, mink house with a concrete floor. The cages had a floor area of 0⋅9 × 0⋅3 m and a height of 0⋅4 m. All cages had a nest box especially furnished for lactating animals. The cages were equipped with individual water bottles connected to conventional drinking nipples and jars to collect water spill. The animals were individually fed once daily in cups, placed on trays to permit collection of food waste. The experiment consisted of three periods carried out consecutively, and lasting 3, 3 and 2 d respectively. During the first period (low T a ) the average temperature was about 5Њ, with a minimum of 0Њ and a maximum of 10Њ. During the following two periods, T a was increased by means of two heaters with fans placed so as to distribute their heat as evenly as possible in the area in which the animals were housed. In the second period (medium T a ) average temperature was about 15Њ, with a minimum and maximum of 7Њ and 25Њ respectively. The third period (high T a ) had an average temperature of between 20Њ and 25Њ, with a minimum of 14Њ and a maximum of 30Њ. Since the house in which the animals were kept was not insulated, the diurnal fluctuations in temperature mainly reflected outdoor differences between night and day. In order to keep relative humidity as even as possible, the concrete floor was sprinkled with water several times daily during the periods of medium and high T a .
The animals were given drinking water ad libitum (normal; N) or were given extra water supplementation (E) in the food (water equalling 10 % of the original weight of the food was added before feeding). The general outline of the experiment, litter sizes and kit ages are given in Table 1 . The experimental procedures were approved by the Ethical Committee for Experimentation with Animals, Sweden.
Diet and food supply
The daily food supply was 400 g, which was calculated to support the energy requirement of the females with the largest litters and the oldest kits throughout the experiment (Hansen et al. 1991) . The diet contained (g/kg): cod offal 300, Baltic herring 100, filleting scrap (heads and backbones) of Baltic herring 100 (both from herring caught during the spring), slaughter house offal 150, poultry wastes 150, a mixture of extruded wheat, oats and barley 50, and potato mash powder 30. Vitamins were added according to standards (Juokslahti, 1987) . The analysed chemical composition of the diet (g/kg) was: DM 274, ash 26, crude protein 132, fat 70, carbohydrate calculated by difference 46, and gross energy 1600 kJ/kg. All the food was prepared on one occasion before the start of the experiment and daily portions were weighed and stored deep-frozen until the day before feeding. The food was thawed in a refrigerator overnight. For animals on E water supply, 40 g water was stirred into each portion before it was presented to the animals.
Data collection
Females and individual kits were weighed at the start and at the end of each period, at and the end of each period rectal temperatures of the females were recorded. Daily consumption of drinking water was recorded. Quantitative collection of food refusals, food wastes, faeces and urine was carried out daily. Faeces were collected on netting screens placed under the cages, and urine was collected via funnels into plastic bottles. The collection procedures started at 09.00 hours, and feeding took place when the collection procedure was completed, at approximately 12.00 hours. In order to determine the original water content of the faeces, small samples were taken as soon after voiding as possible, and when calculating water output in faeces, faecal DM was corrected to the level of fresh faeces. The food refusals, wastes and faeces were frozen until analysis. From the urine, two daily samples were taken out and deep-frozen. On the last day of each collection period, urine from every second animal (n 6) was collected for catecholamine analyses (see later) in 4 ml 6 m-HCl (pH 1-2). A solution consisting of 90 mg/ml ethylene-glycol-bis-(beta-aminoethylether)-N,N,N 0 ,N 0 -tetraacetic acid (EGTA) and 60 mg/ ml glutathione was used as a preservative, and 20 l EGTAglutathione solution was used per 5 ml urine.
Analyses
Contents of DM were determined in all samples. Before further analyses, diets, faeces and urine were freeze-dried. Diets and faeces were analysed for ash, crude protein (N × 6 . 25) and fat (official CEC-method; Amtsblatt der Europäischen Gemeinschaften, 1971) contents, and total carbohydrate was calculated by difference.
Osmolality of urine was measured by freezing-point depression (Hermann Roebling Meßtechnik, Berlin, Germany), and Na and K concentrations were measured using ion-selective electrodes (model E2A Electrolyte Analyzer; Beckman Instruments, Stockholm, Sweden). Cortisol excretion in urine was measured by radioimmunoassay using an Amerlex Cortisol RIA kit (Amersham International plc, Amersham, Bucks., UK). For a detailed description of the method, see Madej et al. (1992) . Catecholamines (adrenaline and nonadrenaline) were analysed with a commercial catecholamines [
3 H]radioenzymic assay system (Amersham International plc). The detection limit of the assay was below 100 pg/ml, and all samples analysed had far higher concentrations. The interassay CV was 4 % and the intraassay CV was about 10 %.
Calculations of apparent digestibility and water balance
The apparent digestibilities of crude protein, fat and total carbohydrate (by difference) in the experimental diet were 557 Water metabolism in lactating mink (Hansen et al. 1991) . Water balance was calculated as the difference between water intake in food and drinking-water and water output in urine and faeces. Results are presented both in g/animal per d and as g/kJ ME intake.
Calculation of water requirement for milk production
The calculation of the water requirement for milk production was made by factorial approach based on the following data and assumptions. The daily weight gain of the individual kits was calculated for each period, and the metabolic live weights (kg 0⋅75 ) were calculated from average kit weights within each period. Data for body composition of the kits were taken from Tauson (1994a) for 5-d-old kits, and from N Glem-Hansen (unpublished results) for 24-d-old kits. The increases in protein and fat contents in the body were assumed to be linear over the period studied, resulting in increases in protein and fat of 0⋅1 and 0⋅25 percentage units respectively, per day increase in age. Daily protein and fat retentions were then calculated from daily weight gain and body composition data. Energy retained in protein was 23⋅86 kJ/g and in fat 39⋅76 kJ/g (Brouwer, 1965) . The ME requirement for maintenance of the kits (ME m ) was set at 527 kJ/kg 0⋅75 (Chwalibog et al. 1980) , and ME for growth (ME g ) was calculated by use of daily protein and fat accretion and the efficiencies of utilization for ME for protein retention (k p ) and fat retention ðk f Þ of 0⋅5 kJ/kJ and 0⋅8 kJ/kJ respectively, estimated on other singlestomached species (Klein & Hoffman, 1989; Chwalibog, 1991) . ME requirement for kits (ME kit ) was calculated as the sum of ME m and ME g . For milk consumption, data for DM (DM milk ) and gross energy (GE milk ) contents from Olesen et al. (1992) were used, covering days 8-22 in lactation. Metabolizability of gross energy in milk was set at 0⋅85, and the daily milk requirement per kit (MILK) was calculated as MILK ¼ ME kit /(GE milk × 0⋅85). The daily water output in milk per female (WATER MILK ) was calculated as:
Statistical analyses
ANOVA were carried out according to the general linear models procedure in Statistical Analysis Systems (1985) . The following model (1) was used to evaluate the quantitative water intake and excretion data and the data on urinary osmolality, Na and K:
where Y ijkl is the ijkl th observation, m is the general mean, a i is the fixed effect of water supply, b j ðiÞ is the effect of animal within water supply, c k is the fixed effect of period, ðacÞ ik is the interaction effect between water supply and period and e ijkl is the random error. Effect of water supply was tested by using random animal within water supply as an error term. Data on ME consumption, water turnover in relation to ME consumption, 24 h excretion rates of Na, K, cortisol and catecholamines were evaluated with a model comprising the fixed effects of water supply and period and the interaction between these effects. Estimates of water requirement for milk production were tested regarding the fixed effect of period. Results are presented as least squares means 558
A.-H. Tauson (Fisher, 1935) .
Results
Animal performance
Litter sizes averaged 5⋅5 and 5⋅8 kits for females given N and E water supply respectively, and all kits survived throughout the experimental period. Weight gain of the kits was not affected by water supply, and the recorded kit weights were normal. For N females live weights were stable until the start of the last period, during which they decreased. For E females, correspondingly, there was an increase in weight until the start of the last period, during which the weights decreased. There was not, however, any significant effect of water supply (Table 2) .
Quantitative water turnover
Period had a significant influence on consumption of drinking water ðP ¼ 0 : 003Þ, the consumption increasing with increasing T a , and the intake of water with the food (P ¼ 0 : 009Þ, the intake decreasing with increasing T a , but the total water intake was not affected by period. Period had a strong influence on faecal water, urinary water and total water output ðP < 0 : 001Þ, the water output decreasing with increasing T a . The combined effects, therefore, resulted in increased water balance with increasing T a ðP ¼ 0 : 008Þ (Fig. 1) . Water supply had no significant effect on water intake but for water output traits, treatment effects were more evident, with significantly less water voided in urine ðP ¼ 0 : 02Þ and in total (P ¼ 0 : 04Þ for N animals. The water balance was independent of water supply ðP ¼ 0 : 16Þ (Fig. 1 ).
Metabolizable energy intake and water intake and excretion
in relation to metabolizable energy intake ME intake decreased with increasing T a . Period had a strong influence on water intake traits, with increases in drinking, dietary and total water intake per kJ ME as temperature increased. All output traits were affected by period, with the highest water output during the period with the low T a . Water balance, on the other hand, increased when T a increased (Table 3) . ME intake of animals given E water supply was close to significantly ðP ¼ 0 : 06Þ higher than for N animals. Similar to the quantitative water output, water voided in urine and total water output were significantly affected by water supply, the highest outputs being achieved for animals given E water supply. Because E animals had lower water intake per kJ ME intake, water balance in relation to ME intake was highest for N animals (Table 3) .
Estimated water loss in milk and rectal temperature
The calculated water loss in milk increased during the course of the experiment, reflecting the increasing ME requirement of the kits. Daily weight gain of the kits remained stable throughout the experiment, and hence ME g only increased slightly from the period with low T a to the two following periods (Table 4) .
The rectal temperature of the females was above 40Њ in all periods, and increased significantly during the two periods with medium and high T a (Table 4) . Fig. 1 . Quantitative water turnover data for lactating female mink kept at low (about 5Њ), medium (about 15Њ) and high (about 20-25Њ) ambient temperature, and given drinking water ad libitum (N) or given an extra supply of water in the food (E). (A), Drinking water; (e), dietary water; (K), faecal water; (p), urinary water; (t), balance. Values are means for twelve mink. Standard errors of the means, represented by vertical bars, are given for total water intake, total water excretion and water balance. Significant effects of T a were recorded for intake of drinking water ðP ¼ 0 : 003Þ, dietary water ðP ¼ 0 : 009Þ and the faecal, urinary and total water excretion (all P < 0 : 001Þ as well as water balance ðP ¼ 0 : 008Þ. Urinary ðP ¼ 0 : 02Þ and total ðP ¼ 0 : 04) water excretion values were lower in N than in E animals.
Urine osmolality and solute excretion
The concentration of Na in urine was not affected either by water supply or by period. K, on the other hand, was significantly higher in N animals ðP ¼ 0 : 005Þ, and also increased as T a increased ðP ¼ 0 : 01Þ. Also urine osmolality was significantly greater for N animals ðP ¼ 0 : 02Þ and increased with temperature ðP < 0 : 001Þ, the highest values of about 2600 mOsm/kg water being recorded for N animals at medium and high T a (Fig. 2) .
The 24 h excretion of Na was significantly affected both by water supply and period, the highest excretion being recorded for E animals, but the rate of excretion decreased when T a increased. For K excretion a similar tendency for higher excretion in E animals was found, and excretion decreased when temperature increased (Table 5) . In relation to ME consumption, Na excretion was not affected by period but was influenced by water supply, the excretion being highest for E animals. K excretion per kJ ME consumed was not significantly affected either by period or water supply (Table 3) . Fig. 2 . Urinary excretion of sodium and potassium, and urinary osmolality for lactating female mink kept at low (about 5Њ), medium (about 15Њ) and high (about 20-25Њ) ambient temperature, and given drinking water ad libitum (N) or given an extra supply of water in the food (E). Urinary potassium concentration was significantly affected by period ðP ¼ 0 : 01Þ and water supply ðP ¼ 0 : 005Þ. Osmolality was significantly affected both by period ðP < 0 : 001Þ and water supply ðP ¼ 0 : 02Þ.
Urinary excretion of cortisol and catecholamines
Cortisol excretion was independent of water supply and T a . Catecholamines were not significantly affected by period, but at low and medium temperatures the highest excretion was recorded for E animals (Table 5) .
Discussion
Ambient temperature
The present investigation was performed in a period which corresponded to increasing milk production, but most probably the females had not yet reached peak lactation. Despite this, the daily water intake and excretion values were greater than those found in males (A-H Tauson, unpublished results) of approximately double the body weight.
Most water intake and excretion traits were strongly affected by period, but since it was not technically possible to divide the experimental facilities into separate compartments that could be individually climatized, and the mink whelping season is very concentrated in time, the animals had to be exposed to the different temperature treatments consecutively, and hence effects of period cannot be ascribed unambiguously to the increase in T a , but may also, to some extent, be explained by increasing metabolic demands on the females to support the energy requirement of the growing kits. On the other hand, previous findings (A-H Tauson, unpublished results) have given clear evidence for a strong influence of temperature on the total water intake and excretion.
The present results demonstrate clearly that ME intake decreased from the first to the last period, a change which was probably caused by the increase in T a , because lactating mink normally increase their ME intake considerably during the first 3 weeks of lactation (Tauson, 1997) . For lactating dams a low ME intake is a serious problem because it will lead to energy deficit and concomitant mobilization of body reserves. Since lactating mink are usually in negative energy balance after the third week of lactation (Tauson, 1997; Tauson et al. 1998 ) even under normal temperature conditions, and weight losses during a 6-week lactation period are in the order of 15-25 % (Tauson, 1988 (Tauson, , 1994b Hansen & Berg, 1998) , a decrease in ME intake caused by a high T a may result in excessive weight loss and eventually in 561 Water metabolism in lactating mink RMSE, root mean square error; ME, metabolizable energy; ME m , ME requirement for maintenance. a,b,c Mean values within a row not sharing a common superscript letter were significantly different, P < 0 : 05. * Average of the live weight at the start and end of each period. Table 3 . Effect of periods with low, medium or high ambient temperature (5, 15 and 20-25Њ) and different water supply (N, ad libitum drinking water supply, or E, extra water supplementation in the food) on metabolizable energy (ME) intake and water intake and excretion, and urinary excretion of Na and K per kJ ME consumed in lactating female mink Ambient temperature Water supply Effect of (P ¼) nursing sickness and death . Moreover, a low ME intake will decrease the dietary water intake, and hence increase the requirement for drinking water. Addition of extra water to the food could be a means of alleviating the increased demand for drinking water, but these data, similar to those of Neil (1992) , failed to demonstrate any positive effects on water balance, or dam or kit performance, of extra water supplementation in the food. On the other hand, E animals showed a clear tendency to increase their ME intake, which is a positive effect as such.
The animals kept at high T a did not show any apparent signs of distress, but the rectal temperature of the females during periods of moderate and high temperature increased significantly, which indicated that some heat stress might have occurred, since it is known from other species that animals under heat stress conditions can allow body temperature to rise, thereby saving water. This has, for instance, been demonstrated in goats (Olsson & Dahlborn, 1989; Olsson et al. 1995) . The need for this was probably aggravated by the higher metabolic rate caused by increasing milk production, and Olsson & Dahlborn (1989) found a more pronounced increase in rectal temperature in lactating than in dry goats.
Water supply
From the results it was evident that water supply has a strong regulatory effect on water output as well as the urinary osmolality and concentration of K. Hence, extra supplementation with water in the food resulted in increased water excretion with the urine, which was correspondingly diluted. However, in contrast to the findings of Neil (1988) , these results failed to demonstrate a significant increase in total water intake despite a close to significant ðP ¼ 0 : 06Þ increase in ME intake.
Water metabolism in relation to metabolizable energy intake and to urinary osmolality
The intake of water is normally strongly related to energy intake as shown by Farrell & Wood (1968) and Maksimov (1973) , but T a may be a stronger determinant of water intake than ME consumption. Such a trend was found in the present investigation, where the highest total water intake per kJ ME was found during the period of high T a , in which ME consumption was lowest. The level found here agrees fairly well with those found by Farrell & Wood (1968) and Maskimov (1973) . The urinary water excretion per kJ ME was affected both by water supply and T a . This may indicate that lactating females are less able to regulate the excretion accurately than non-lactating animals, which is in agreement with the observations by Olsson & Dahlborn (1989) that pregnant and lactating goats are unable to regulate their water turnover as precisely as dry (non-lactating) animals. The urinary osmolality was below the maximum levels found for males (A-H Tauson, unpublished results) also at the high T a . This is reasonable, owing to the reduced regulatory ability discussed earlier. In other species, pregnant and lactating animals are less able to concentrate their urine, and unpublished observations from our own laboratory indicate that urinary osmolality decreases during the last part of gestation in mink.
Water excretion in milk and estimated evaporative water loss
The data from the factorial calculations of the requirement of milk to support ME m and ME g for the kits must be taken with some caution since, owing to lack of data, the ME m values had to be taken from experiments with adults (Chwalibog et al. 1980) , and therefore probably are not correct for juveniles, and the k p and k f values were taken from other single-stomached species (Klein & Hoffman, 1989; Chwalibog, 1991) . The calculations indicated that daily water loss in milk increased from 118 to 134 g over the experimental period; these values are in good agreement with those calculated by Tauson et al. (1998) , or found by direct measurements of milk production by the isotope dilution technique (Wamberg & Tauson, 1998) . The production of metabolic water is a contribution to the total water balance which is not usually measured experimentally, but is necessary for estimation of evaporative water loss. Tauson et al. (1998) based calculations of metabolic water on gas exchange measurements in respiration experiments, and found that in lactating mink metabolic water contributed 10-12 % of the total water intake. Given a similar contribution in this experiment the water available for evaporation would have been 42, 58, and 69 g water/ kg 0⋅75 at low, medium and high T a respectively. These values are below those of Wamberg (1994) who reported evaporative losses of about 75 and 120 g/kg over 24 h in female mink kept in a direct calorimeter at 18Њ and 24Њ respectively, but in fair agreement with those of Sørensen (1995) who found evaporative water loss in lactating mink in the order of 60 g/female per d.
Renal solute excretion
The urinary concentration of Na was not affected by water supply, and 24 h excretion was higher for E than for N animals. This indicates that regulation of Na excretion is less accurate in lactating than in dry animals, and therefore the lactating female may be expected to be more susceptible to changes in the Na concentration of the food. The pattern for excretion of K suggested that physiological stage and environmental effects have less influence on the excretion of this electrolyte.
Urinary cortisol and catecholamines as stress indicators
Cortisol and catecholamine excretion rates in urine over 24 h were used as possible indicators of stress, since blood sampling can be stressful to the animals, and levels found in plasma, therefore, may be of limited value. From the results achieved, it appears that neither water supply nor T a influenced cortisol excretion. It may, however, be doubted whether cortisol is specific enough to be a good measure of stress. Hence, Olsson et al. (1995) found that positive stress could result in plasma concentrations similar to those given by negative stress. Catecholamines were not affected by period but were affected to some extent by water supply; however, the results only represent every second animal, and only urine collected during the last day of each period, which of course limits their reliability. Therefore, the present results cannot be taken as any clear evidence regarding the degree of stress that the high T a had inflicted on the animals.
Conclusions
A prolonged period of high T a may be hazardous for lactating mink because of a decrease in ME intake which, if persisting over an extended time period, may lead to excessive weight loss and possibly result in nursing sickness. Therefore, if a heatwave occurs during the lactation period, all possible precautions to cool the environment and to secure the supply of high quality food and drinking water must be taken in order to sustain dam and kit welfare and performance. ᭧ Nutrition Society 1998
